Introduction
============

By the definition of the World Health Organization, alcoholism or alcohol use disorder refers to any form of alcohol consumption that results in health and other problems. Whether classified as mild, moderate, or severe, alcohol consumption becomes risky when "warning signs" appear. These include craving for alcohol when not drinking, putting it above personal responsibilities, spending a substantial amount of resources (money, time, effort) in consuming it, behaving differently after drinking, and experiencing temporary blackouts or short-term memory loss from drinking.[@b1-rmhp-11-001]

Alcoholism is one of the most common forms of substance abuse and dependence worldwide. In many countries, it is a pervasive, age-old problem.[@b2-rmhp-11-001] In the USA alone, over 27% of the population aged 12 and older are considered risky drinkers.[@b3-rmhp-11-001] Alcoholism could also be an unconscious attempt at self-treatment for other issues such as depression.[@b4-rmhp-11-001] The magnitude of the health, sociopsychological, and economic costs of alcoholism extends far beyond the chronic drinker. Car crashes, domestic violence, as well heinous crimes have often been linked to alcohol use disorder.[@b5-rmhp-11-001],[@b6-rmhp-11-001] Its individual costs and externalities have led to government intervention, particularly in the form of policies that influence availability and price of alcoholic beverages, drinking context, and perceived risks of heavy drinking.[@b7-rmhp-11-001] Yet, the most recent OECD global health report finds that "there has been little success in tackling \[\...\] harmful alcohol use" and its associated consequences.[@b8-rmhp-11-001]

Wthdrawal from chronic drinking can also lead to major health problems. A characteristic withdrawal syndrome ensues with typical clinical features when an alcohol-dependent individual abruptly terminates or substantially reduces his/her alcohol consumption.[@b9-rmhp-11-001],[@b10-rmhp-11-001] It is estimated that about half of alcoholics seeking abstinence will develop withdrawal symptoms.[@b11-rmhp-11-001] While the efficacy of treatment approaches to alcohol use disorder has been widely studied, along with sensitization and educational interventions to stop them,[@b12-rmhp-11-001] less attention has been paid by the medical or scientific community on why treatment for alcohol withdrawal effects might be unsuccessful.[@b13-rmhp-11-001] Effective therapy for alcoholism, for example, is attributed to a wide range of factors. These include the individual's readiness to commit to treatment (i.e., ability to realize the addiction problem and take steps toward change), self-efficacy (i.e., the trust or confidence that difficult situations and challenges will be overcome), expectation level (i.e., expectation of the treatment results and satisfaction gained from these results during and at the end of the therapeutic procedure/s), social support, and clinical profile.[@b14-rmhp-11-001] Yet, common threads among these factors, such as the role and influence of emotions, remain unexplored.[@b14-rmhp-11-001] In addition, why and how these factors might affect the choices to pursue or discontinue treatment for alcohol withdrawal on the part of the patient and physician need to be addressed.

This study inquires into Alcohol Withdrawal Syndrome (AWS) -- also known as discontinuation syndrome -- from a simulation game approach. The importance of simulation game to any addiction cessation stems from providing a powerful conceptual framework for modeling control behavior, including specifying the strategies to be played and the conditions to be satisfied for particular traits to evolve.[@b15-rmhp-11-001] The simulation game approach is, therefore, transactional, rather than purely clinical, particularly in examining the emotional basis of patient--provider relationships. It can successfully describe and explain the costs and benefits of varying strategies and the dynamics for establishing equilibria in a number of patient--provider interactive scenarios. It serves as a useful tool in health care risk management.

The problem for analytical investigation in this study is whether, and why, treatment of AWS might be based on the strategic and interactive choices and expectations of alcoholics and health care providers alike, as well as the risk mitigation options available to them. It offers theoretical and practical insights about value and behavior in the production and consumption of health and health care relative to chronic drinkers seeking abstinence, but encountering difficulties along the way. In furthering our understanding of health care systems and health-affecting behaviors, the implications of this study extend to many other addiction-cessation programs and treatments, besides alcoholism.

Treatment of alcohol withdrawal
===============================

AWS occurs among alcoholics who abruptly stop or significantly reduce alcohol consumption. When chronic alcohol consumption is suddenly stopped or reduced, the brain's neurotransmitters (i.e., message-transmitting brain chemicals) previously suppressed by alcohol are no longer suppressed. They rebound, resulting in brain hyperexcitability. Among others, anxiety, irritability, agitation, tremors, and seizures result directly from brain hyperexcitability. As stress hormones are overproduced, the sudden removal of the central nervous system depressant could potentially be life-threatening.[@b2-rmhp-11-001],[@b9-rmhp-11-001] Withdrawal delirium, also known as delirium tremens (DTs), is considered the most severe and dangerous symptom. The death rate from DTs (which initially causes confusion, rapid heartbeat, excessive sweating, and fever) ranges from 1% to 5%.[@b16-rmhp-11-001]

Alcohol detoxification often takes from 7 to 10 days at the minimum.[@b3-rmhp-11-001] Manifestations of AWS arise at the onset of detoxification, which can be broken down into three stages, each with its associated symptoms, as presented in [Figure 1](#f1-rmhp-11-001){ref-type="fig"}. These symptoms are obviously the reverse of those associated with alcohol consumption.

Major complications could arise in Stage 3, especially if the individual has existing health conditions such as infections, heart disease, lung disease, or a history of seizures. Withdrawal symptoms also tend to be more severe among alcoholics who have undergone prior multiple episodes of AWS, a process known as the "kindling effect".[@b3-rmhp-11-001],[@b10-rmhp-11-001] Because any AWS symptom can rapidly worsen, medical treatment is critical even if the symptoms are seemingly mild. The severity of AWS symptoms depends on how much and for how long an individual has been chronically drinking.[@b17-rmhp-11-001]

Medical treatment for individuals with AWS starts with a complete medical history review (including substance abuse history and any mental health conditions) and physical examination (usually including complete blood work and urine screening). They help the attending physician or health care provider team determine if the patient is suffering from AWS and, if so, its severity. Assessment tests, such as the so-called Clinical Institute Withdrawal Assessment (CIWA) scale, are typically employed to determine treatment and whether symptoms might progress in severity. Pharmacological treatment is equally important. Benzodiazepines, the drugs of choice in many AWS treatments, can prevent seizures and DTs.[@b18-rmhp-11-001],[@b19-rmhp-11-001]

Mild to moderate withdrawal symptoms are often treated by a doctor in an outpatient setting, especially if complications are absent and the patient has supportive family and friends. Inpatient detoxification for high-risk patients is often performed at a hospital or other facility (e.g., psychiatric facility). In this case, the physician frequently works with a health care team that includes nurses and mental health specialists. Whether outpatient or inpatient, the major objectives of medical treatment of AWS are to: 1) reduce immediate withdrawal symptoms; 2) prevent complications; and 3) initiate long-term therapy to promote total alcohol abstinence.[@b20-rmhp-11-001]

Time is key to treatment adherence, whether it is based on a certain number of treatment sessions,[@b21-rmhp-11-001] treatment with a specific number of days,[@b22-rmhp-11-001] or a continuous measure related to time spent in treatment.[@b23-rmhp-11-001] Studies indicate that the majority of AWS patients gain significant improvement only at the third month of or following treatment.[@b24-rmhp-11-001] The type and frequency of monitoring is guided by symptom severity as well as the characteristics of the patient and his/her environment.[@b9-rmhp-11-001],[@b10-rmhp-11-001] Most patients require daily evaluation (whether by their doctor and other providers or by means of structured self-evaluation) until their symptoms decrease and the medication dosage is reduced. Patients with advanced Stage 2 or Stage 3 alcohol withdrawal need closer monitoring, some in an intensive care setting. Their vital signs, heart rhythm and rate, respiration, fluid and electrolyte balance, blood glucose level, skin, elimination, mental and neurological status, and nutritional status have to be closely monitored.[@b25-rmhp-11-001]

Noncooperation or noncompliance on the part of the patient could result in periodic treatment disruptions and premature termination. Studies find that it is not unusual for drop-out rates to exceed 50%, especially during the first month of any form of treatment.[@b24-rmhp-11-001],[@b26-rmhp-11-001] However, treatment drop-out rates can widely vary based on systemic, sociocultural, and structural obstacles that a patient might face. For instance, they account for a higher drop-out rate (31%) among women. This is because women typically assume more domestic, especially child care, responsibilities, tend to have less health care coverage, face greater stigma and social prejudice for alcohol use disorder and detoxification, seek more nonspecialized health services, and have higher rates of mental disorder associated with the use of psychoactive substances that might make treatment more challenging.[@b24-rmhp-11-001],[@b27-rmhp-11-001],[@b28-rmhp-11-001] In terms of race, black women appear to be at higher risk of dropping out of therapy for economic reasons besides those previously cited.[@b27-rmhp-11-001],[@b29-rmhp-11-001]

Health care providers can also be impeded from further treating a patient with AWS. Physicians and other providers might have limited qualifications or experience in treating detox patients[@b30-rmhp-11-001] or are simply reluctant to diagnose a disorder such as AWS that they are not confident they can treat or could breed potential malpractice suits and complaints.[@b31-rmhp-11-001] Equally important factors that could impede treatment are physician location, cost, and waiting list,[@b32-rmhp-11-001],[@b33-rmhp-11-001] as well as the lack of integration between primary care and mental health programs.[@b34-rmhp-11-001]

A transactional framework that comprehends both patient and provider incentives and behaviors is critical in managing risks and uncertainty associated with AWS treatment, particularly disruptions and terminations. Such a model should offer valuable practical and theoretical insights to health care practitioners, patients, as well as researchers of AWS. Nonetheless, AWS treatment constitutes an initial step toward long-term abstinence. It does not resolve per se the underlying problem of alcohol abuse or dependence. On the contrary, studies suggest that abstinence is unlikely if the patient does not enroll in full treatment and rehabilitation for alcoholism, which may include individual counseling and therapy, group sessions (e.g., Alcoholic Anonymous), and long-term medications to reduce the risk of relapse.[@b2-rmhp-11-001],[@b35-rmhp-11-001]

The risk management model
=========================

We propose for this study a game-simulation of cooperation in the medical treatment of AWS. Game-theoretic modeling helps predict whether such treatment (outpatient or inpatient) is likely to be costly or inefficient to the patient and provider. It is particularly useful for repetitive or rhythmic behaviors that occur over a period of time,[@b15-rmhp-11-001] as exemplified by AWS treatments. This is because it helps explain disrupted or prematurely terminated AWS treatments that lead to patient drop-out, especially in terms of value and corresponding behaviors in the production and consumption of health and health care.

Pioneered by mathematicians Emile Borel and John Von Neumann in the 1920s, game theory gradually evolved to discover whether a "best" or "optimal" strategy exists for any problem of social cooperation (the "game") and to find that optimum. It was initially intended for economists, but its applications to politics, psychology, sociology, warfare, recreational games, and other fields, such as evolutionary biology, soon became apparent. Games and strategy matrices were identified and developed by its theorists over time, based mainly on "cooperation" among players (including compliance with rules, norms, and expectations) or mutual "defection" (as a result of conflict and competition).[@b36-rmhp-11-001]

Any simulation game model contains five basic elements: 1) competitive "players" (or decision-makers); 2) "rules" governing players' behaviors; 3) "strategies" available to each player within the given set of rules; 4) game "outcomes" (each of which is a result of particular interactive choices made by players at a given point in the game); and 5) "payoffs" accrued by each player as a result of each possible outcome. Along with a solution concept, these elements allow game theorists to deduce a set of equilibrium strategies for each player. Thus, when any game strategy is employed, a so-called "Nash Equilibrium" (or "Equilibria") will arise where no single player or set of players may further gain by unilaterally deviating from that strategy.

We propose the Stag Hunt as a useful analytical framework in managing risks associated with substance abuse rehabilitation. The Stag Hunt models conflict between the goals of safety and cooperation by examining trade-offs that arise where a larger -- but demonstrably costlier or riskier -- payoff can be generated from one strategy (e.g., sustained AWS treatment) in contrast to another (alcohol relapse). With two players (or sets of players) and two choices of actions and outcome-based preferences, Stag Hunt modeling for AWS allows us to identify a dominant solution/s for a predefined setting based on the essential prerequisites of simulation games: 1) players have a common interest to score as high as possible (i.e., maximize their respective gains/benefits); 2) however, they also have competing interests to increase their respective proportion of scores; 3) each player's utility-maximizing strategy requires consideration of the other players' choices; and 4) strategy choice is always made under conditions of risk and uncertainty.[@b37-rmhp-11-001]

In the classic Stag Hunt, two hunters are faced with the dilemma of bagging either a stag or a hare. If one hunter chooses a stag, s/he would require the cooperation of the other in order to succeed. Going for a hare, on the other hand, can be a unilateral decision, but the prize is considerably less than the stag. Having tracked a stag and discovered its path in the forest, the hunters can mutually cooperate in capturing the stag, which offers them a big, tastier meal that will last them for days to come. However, a long day passes without a trace of the stag, although the hunters are reasonably certain that it will eventually come. In the meantime, the hunters see a hare (or two) running back and forth on the same path where they have laid out the stag trap. While a hare is an easy catch, and the temptation to go for it is high after a long, tiring day of waiting for the stag, it will result in the stag trap being wasted for a small meal that can only feed (rather insufficiently) one of the hunters. Obviously, too, the longer the stag wait, the greater is the temptation for either one or both hunters to settle for a hare. In fine, the risk--utility trade-off is: risk the stag never coming, or risk another hunter taking the kill.[@b38-rmhp-11-001]

A Nash Equilibrium is said to exist where a player's strategy choice is a best response compared to other available choices, so that no player has anything else to gain by changing his/her choice unilaterally.[@b38-rmhp-11-001] Two pure strategy Nash Equilibria exist in the Stag Hunt. We have denoted each Nash Equilibrium with an asterisk in [Figure 2](#f2-rmhp-11-001){ref-type="fig"}.

Assume that the meal payoff from capturing a stag is 25 times greater than a hare (payoff=2). If both hunters cooperate and go for the stag despite the long, uncertain wait (*a, w* \> *b, c, d, x, y, z*), each of them maximize their payoffs (50, 50). If one hunter acts unilaterally by catching the hare, s/he gains at the expense of the other who continues to wait for the stag (2, 0; 0, 2). When the hunters mutually "defect", and instead go for the hare/s, each one still gains (*d, z* \> *b, y*). However, the individual payoff is quite small compared to a stag. It becomes even smaller if there is just one hare to catch, which they will have to agree to divide between themselves (1, 1). Given the essential prerequisites of a Stag Hunt, the Nash Equilibrium shown in [Figure 2](#f2-rmhp-11-001){ref-type="fig"} can either be payoff-dominant (*a, w*) or risk-dominant (*d, z*), as each hunter anticipates which strategic option the other will choose and how to maximize his/her expected payoff in light of the attendant risks and uncertainties.

Through Stag Hunt modeling, we next examine whether the strategic solution is one of payoff-dominant cooperation or risk-dominant defection when a doctor or other providers offer, and a patient receives, medical treatment for AWS and why.

Treatment issues and obstacles
==============================

We find that medical treatment of AWS offers one illustrative -- albeit counterintuitive -- case of a Stag Hunt after reviewing the relevant literature. We searched PubMed for juried studies published in English covering AWS treatment and management in humans without any restriction on the date of publication. Of specific interest in this literature search were treatment disruptions and premature terminations (i.e., why and how?). We relied on the following medical subject heading terms as representative variants of AWS: "alcoholism", "alcohol withdrawal seizures" and "alcohol withdrawal delirium" and "drug therapy." Peer-reviewed articles that were deemed irrelevant were excluded based on their titles and abstracts. Full-text articles were subsequently gathered for the 17 articles considered relevant to clinical treatment and management. Lastly, cross-references indicated in these full-text articles were checked for other pertinent studies. Literature on the subject matter remains scant to date.

From the literature review, two key variables, trust and assurance -- on a mutually reciprocal basis -- appear to be crucial in breeding and sustaining cooperation during AWS treatment. They encourage and sustain cooperation between patient and provider, which generally drives continuous and successful AWS treatments. After all, "\[h\]ealthcare is, at its core, based on relationships. And, as with any relationship, trust is foundational to building and maintaining a strong relationship. The very personal nature of healthcare relationships supports the importance of trust".[@b39-rmhp-11-001] Trust (which encompasses confidence, loyalty, regard, and empathy) can nonetheless be fragile. While trust is a crucial factor that characterizes an ongoing depth of relationship between patient and provider, assurance is a related factor that develops or maintains such relationship. Within its scope lie integrity, longitudinal care, patients' consultation experiences, and mutual satisfaction.[@b40-rmhp-11-001]

For instance, studies report that lack of empathy and confidence in the provider/s as well as doubts on treatment efficacy (diminished assurance) significantly increase the likelihood of patient drop-out. We have cited literature in the "Treatment of alcohol withdrawal" section to indicate how providers might be impeded from seeing the patient on an ongoing or long-term basis as a result of limited qualifications, experience, location, cost, wait list, and unintegrated primary care and mental health strategies and programs.[@b30-rmhp-11-001]--[@b34-rmhp-11-001]

Conversely, patients who have a strong relationship or form a bond with their providers are more likely to continue their prescribed treatment.[@b24-rmhp-11-001] However, another study shows that despite physicians' attempts to form an empathic bond with their patients, several obstacles can occur: 39.1% of the physicians did not explain the problem in a clear and attentive manner; 58% of the physicians did not check the patients' level of understanding about the diagnostic information; 53% of the physicians did not ask the patient about therapeutic indications; and 50% of the physicians did not take into account psychiatric and psychosocial problems.[@b34-rmhp-11-001] They lead to reduced patient trust and assurance and tend to raise patient compliance issues.

From a clinical perspective, outpatient treatment of mild (Stage 1) to moderate (Stage 2) AWS is generally considered safe and less costly than inpatient treatment for those who are at high risk. Successful treatment requires the outpatient's commitment to taking prescribed oral medications and frequent follow-up visits and consultations with the doctor. Family support, especially in terms of administering medication and monitoring patient compliance with the doctor's advice, is also very important.[@b35-rmhp-11-001] AWS signs and symptoms can easily cause fear and anxiety in both patients and family members. However, family dysfunction (e.g., domestic problems) or home triggers for alcohol relapse diminish the likelihood of completed treatment, as family support becomes scarce and/or reinforcing behavior surfaces. These often lead to missed appointments and noncompliance with prescribed medication and physician advice.[@b41-rmhp-11-001] Continuous evaluation by a mental health provider or team is critical in these instances.[@b41-rmhp-11-001]

A study on outpatients in Denmark compared symptom-triggered versus fixed-schedule dosing for oral AWS medications.[@b42-rmhp-11-001] Researchers initially used chlordiazepoxide according to a fixed-dosage schedule, tapering the dose to zero after 8--10 days for each patient. No monitoring or systematic documentation of symptoms was undertaken, unless the patients complained of continuing clinical symptoms, which then led to dose alteration. The study discovered that a fixed-dosage scheme "suffers from the lack of individualized treatment, lack of monitoring and documentation of symptoms, and a paternalistic view hampering the patients' motivation for continued adherence to treatment".[@b42-rmhp-11-001] But no significant differences with symptom-triggered self-medication (also with chlordiazepoxide) was ever found by this study based on the quantity of medication consumed, time to relapse, and patient treatment satisfaction, leading its researchers to conclude that symptom-triggered self-medication (and self-monitoring) was just as safe.

Be that as it may, similar studies suggest that outpatients profit from a symptom-triggered medication therapy in terms of gaining additional motivation to enroll in counseling and medical treatments for alcoholism.[@b18-rmhp-11-001],[@b19-rmhp-11-001] There seems to be consensus within the reviewed literature that a sufficient treatment program for detoxification can reduce the severity of future AWS attacks and motivate the patients' determination to move on to long-term abstinence after completing AWS treatment.[@b43-rmhp-11-001],[@b44-rmhp-11-001]

Medical complications could meanwhile lead to treatment disruptions and premature terminations.[@b45-rmhp-11-001] Benzodiazepines, presently the primary drugs of choice in AWS treatment, contain both side effects and addictive properties related to their use.[@b45-rmhp-11-001] The required daily dose of benzodiazepine is calculated based on the average daily alcohol intake. The following formula estimates the amount of a patient's alcohol consumption:[@b46-rmhp-11-001] $$\text{alcohol}\left( \text{in~g} \right) = \text{volume~of~liquor}\left( \text{mL} \right) \times 0.008 \times \left( \% \right)\text{ethanol~content~in~liquor}\left( {w/v} \right)$$(where the percentage of alcohol in various liquors for comparative purposes is: beer \[standard\]=3%--4%; beer \[strong\]=8%--11%; wine=5%--13%; fortified wine=14%--20%; spirits/hard liquor \[e.g., rum, whiskey, gin, vodka, brandy\]=40%; arrack=33%. Note that one standard drink containŝ10 g of absolute alcohol or ethanol).[@b47-rmhp-11-001]

On the other hand, there is growing evidence that non-benzodiazepine GABAergic compounds represent promising medications in the treatment of alcohol-dependent patients, particularly the high-risk ones.[@b48-rmhp-11-001] The more challenging or "uncontrollable" patients are oftentimes the delirious and psychotic at Stage 3. For this reason, a typical protocol would be for the physician to halt treatment and refer the patient to the appropriate psychiatric team, which may consider the addition of an antipsychotic drug, such as haloperidol or olanzapine, in order to control agitation. Unfortunately, every antipsychotic medication bears the additional risk of lowering the seizure threshold, which is also a major concern in alcohol withdrawal.[@b49-rmhp-11-001]

Doubtless, many more cases of disrupted or discontinued treatments have been attributed to drinking resumption, including among inpatients presenting moderate (Stage 2) to high-risk (Stage 3) symptoms. One study reported that over 20% of hospitalized AWS patients are extremely alcohol dependent. It also discovered that untreated dependence leads to repeated and longer withdrawal episodes that can further worsen alcohol abuse and dependence.[@b50-rmhp-11-001] AWS treatment alone does not produce long-term abstinence, which requires separate treatment and rehabilitation.[@b51-rmhp-11-001]

One empirically understudied, but highly probable, cause of nontreatment of AWS, as well as patient drop-out, is accessibility of health care. Based on studies of untreated addictions in general,[@b3-rmhp-11-001],[@b52-rmhp-11-001] health care for AWS patients can be restricted in at least four different ways: The patient's health insurance does not guarantee AWS treatment, or even alcoholism treatment for that matter. This could be because not all insurance plans are governed by the Affordable Care Act (Obamacare), which mandates free coverage for addiction treatment, while those plans that are may not be accepted by providers and treatment facilities. There are also Medicaid plans that do not cover addiction treatment at all.Providers may not be accessible. AWS patients who reside far away from larger, metropolitan regions or areas might find it difficult to locate competent physicians and mental health professionals as well as suitable hospitals and other facilities. Rules govern specific treatment centers or clinicians, which also tend to restrict the number of patients they can serve.Disparities exist between addiction and mental health facilities. Many addiction centers do not offer mental health treatment, while many mental health facilities do not offer addiction treatment which AWS patients will subsequently require. For most AWS patients, unless both illnesses are treated together, the likelihood of relapse is much greater.Intensity and duration of AWS treatment might be limited compared to other medical conditions. Any insurance coverage might not necessarily cover AWS at the right level or for the right period of time. Patients can be discharged from treatment when insurance stops paying for it, even if the patient continues to exhibit clear symptoms or cannot yet live on his/her own.

The literature we have summarized suggests various elements and conditions that account for disrupted or prematurely terminated medical treatment of AWS patients. Clearly, both patient and provider/s are better off if treatment is timely initiated, sufficiently monitored, and concluded in accordance with the treatment plan and protocols. If so achieved, maximal health care value or benefit will accrue to the patient. The provider equally gains. This equates to the first Nash Equilibrium (with *a, w* payoff) in [Figure 2](#f2-rmhp-11-001){ref-type="fig"}.

Without sufficient assurance that the patient will actually "cooperate" (or worse, when there is every indication that the patient cannot be trusted to do so) for whatever reason, providers risk substantial losses in terms of time, effort, and other resources, and perhaps even professional reputation. Instead, the most efficient approach under [Figure 2](#f2-rmhp-11-001){ref-type="fig"} would be for the provider to discontinue (or opt not to initiate) treatment, as this minimizes the risk of ending up with the worst payoff when the health care benefit to the patient is practically devalued (*c, y*). At this instance, the physician will likely refer the patient elsewhere. It is in this context that the second Nash Equilibrium in [Figure 2](#f2-rmhp-11-001){ref-type="fig"} obtains (*d, z*). In the case of chronic, returning drinkers, health care will likely be continued or taken over by an addiction specialist and inpatient treatment program, such as a 12-point program (e.g., Alcoholic Anonymous).[@b41-rmhp-11-001] In the case of uncontrollable patients, other medical specialists (e.g., psychiatrists) will likely be called in either to assist the health care team or fully take over the patient's treatment and medication (e.g., for psychosis or delirium).[@b49-rmhp-11-001]

Discussion
==========

In this study we modeled medical treatment of AWS as a dynamic, transactional relationship between patient and health care provider/s. We find the Stag Hunt a useful analytical model of cooperation in health care provision based on utility maximization and interactive decision-making among the key players in AWS treatments. It can be used to establish empirically verifiable predictions about the factors and conditions that promote value and quality of care as well as health-affecting behaviors during addiction cessation.

Left untreated or undertreated, many patients will experience increasing signs and symptoms of alcohol withdrawal that will vary in intensity and duration based on many factors, including severity of alcohol abuse and dependence. Although medical treatment is imperative at any withdrawal stage, and treatment strategies and plans are individualized in most cases, its completion and success depend on cooperation between patient and provider. That is partly because each party has information that the other needs, but it may not be easily or immediately accessible. The physician or provider team gathers physical-medical information from the patient, offers a diagnosis, formulates a treatment plan (and sometimes alternative/s), and discusses them with the patient. In doing so, the provider will rely on available information as well and his/her own appreciation of that information. The patient, on the other hand, can choose what information to disclose to the provider (e.g., drinking habits, family and peer influences, AWS symptoms and any previous episodes, existing health complications and medications, and so on). The patient will typically ask questions or make suggestions and requests that might influence the physician's perception of both the problem and the efficacy of the treatment. Above all, the patient can choose how to respond (or behave) relative to the physician's advice or prescribed treatment, with or without the latter's knowledge. While empirical research offers little evidence that decision-making in formulating treatment strategies and plans for AWS, or any other form of addiction, is usually shared between patient and doctor,[@b53-rmhp-11-001] the outcomes of these interactions will depend on the decisions and actions of each party that anticipate how the other would act and react. AWS treatment in this sense can be depicted as a game of cooperation.

For this reason, we reviewed the scant literature on AWS treatments, with attention to treatments that were disrupted or eventually discontinued. Although some variance exists in the causes of unsuccessful treatment, it is evident that the patient's choice of whether or not to comply with the doctor's advice and prescribed treatment (or the ability to do so) and the doctor's choice of how to address problems and issues affecting treatment efficacy and continuity depend on their respective cost-calculus. Built into each one's cost-calculus are the expectations of how the other party might behave or respond and the value that each party attaches to medical treatment of AWS.

The Stag Hunt model suggests two equally rational outcomes when players take risks in decision-making amid some degree of uncertainty relative to what course of action the other player might elect among a given set of alternatives and their consequences. The literature we cited appears to validate the basic premises of that model. We highlight with asterisks in [Figure 3](#f3-rmhp-11-001){ref-type="fig"} the dual Nash Equilibria in medical treatment of AWS.

The first Nash Equilibrium (*a, w*) is payoff-dominant because it maximizes player rewards. It is achieved when the doctor knows that the patient can (and will) fully comply with the prescribed treatment. Because of continuous monitoring and visits to the doctor, the patient becomes accountable to the doctor for his/her health-affecting behaviors. Conversely, the doctor gains sufficient familiarity with the patient's needs and condition over time and will be highly committed to the treatment when the doctor knows that a patient will return to him/her for an indefinite period of time. Under the best-case scenario, treatment is carried out to completion and successfully evaluated in accordance with regulations and protocols. Mutual trust and assurance are essential prerequisites of cooperative interaction, which suggest that both doctor and patient will have to take some risks and assume good faith on the part of each other as treatment proceeds.

The other Nash Equilibrium (*d, z*) might be considered a second-best outcome. It results from each player opting to discontinue treatment. It is equally rational, albeit risk dominant. Under this scenario, the patient (voluntarily or involuntarily) attaches less value to treatment and more to continued drinking and associated health-affecting behaviors. These could owe to a variety of systemic, sociocultural, and structural factors, including lack of motivation, domestic issues, behavioral reinforcements such as peer pressure, medication side effects, health complications, and inadequate or lack of insurance coverage. At this point, the physician might consider the patient's inability to comply as too risky or costly (e.g., as appointments and follow-ups are consistently missed, medications are not taken, potential malpractice or other lawsuits could arise). Instead of constantly pursuing the patient and making adjustments to the treatment schedule, which impose significant transaction costs, the physician might elect to discontinue or set aside treatment in various ways. These include referring the patient to addiction specialists and treatment plans that specifically address drug abuse and dependence. For the uncontrollable patients (e.g., the psychotic, extremely delirious), mental health providers, such as psychiatrists, will likely be called in. Mutual defection thus becomes cost-efficient when a physician finds that a patient is bound to indefinitely repeat noncompliant behavior, while the patient (or his/her family) might realize that seeking medical advice is too costly unless existing psychological, health, and other barriers to compliance are initially or simultaneously addressed. That is to say that patient and provider alike might initially aim for mutual cooperation, but will inevitably default to this second-best option if they cannot find mutual assurance that the other is likely to cooperate.

Unilateral defections (*b, x; c, y*) in [Figure 3](#f3-rmhp-11-001){ref-type="fig"} could arise in instances where either the patient (or his/her family) or the provider elects to prematurely terminate AWS treatment. These are ostensibly win--lose scenarios, in which the reward that accrues to one party is much less than what is obtainable from the most efficient game outcome (the first Nash Equilibrium), but the loss to one transacting party is quite heavy compared to the second-best outcome (the second Nash Equilibrium). To illustrate, a doctor may unilaterally cancel treatment after some time (e.g., when the patient's insurance stops covering it). Treatment disruption or discontinuation will adversely affect a patient suffering from AWS (*c, y*). The gain to the doctor, on the other hand, is minimal (e.g., insurance payments for a limited treatment period, the satisfaction of seeing initial progress during that short time, and so on), as potential risks and liabilities arise on the part of the doctor.

The reverse yields a similar outcome under [Figure 3](#f3-rmhp-11-001){ref-type="fig"} (*b, x*). The worst payoff for the doctor would come from committing so much time, effort, and other resources when the patient (and/or the family) has no intention of cooperating at all, except showing up for the initial, insurance-paid visit. The costs to the doctor include performing the necessary patient examinations, gathering health-related information, contacting insurer/s, developing treatment plans, determining and prescribing medications, scheduling and holding consultations, meeting and comparing notes with other providers, and patient monitoring or follow-ups.

However, because either (unilateral defection) scenario is not Nash-efficient, it is very likely that the "defecting" party will in time change course after reconsidering his/her cost-calculus and gravitate toward the best or second-best options under [Figure 3](#f3-rmhp-11-001){ref-type="fig"}. For example, without the assurance that the patient will cooperate, the doctor will eventually realize that the optimal strategy would be to defect -- that is, either by not attempting to initiate treatment at all or deliberately choosing to discontinue it, since both parties will reduce the risk of ending up with the worst payoff. The patient, on the other hand, is likely to return to cooperation if, for instance, his/her AWS symptoms intensify or endure, in which case noncompliance turns out to be too costly.

There is no gainsaying that further empirical study is essential to uncover the underlying game structures that occur most commonly in AWS treatments. The dual Nash Equilibria goes so far as to suggest why trust and assurance are critical in promoting collaboration in a Stag Hunt. If each player (patient and provider/s) can be relatively confident that the other will comply with what is expected of them, then mutual cooperation is a likely outcome. Otherwise, the outcome will be one of conflict or defection. Therein lies the pivotal role of information, including its communication processes, in the functioning of health care systems and in stimulating health-affecting behaviors under conditions of risk and uncertainty. For one, how likely each player will cooperate will depend in part on the history of their past interactions (e.g., how long the patient has been with the doctor's practice) and how well that history has been communicated to and appreciated by the players. Past interactions further allow each player to estimate the degree of cooperativeness, and hence accountability, of the other.[@b54-rmhp-11-001] The organizational or environmental context of player interactions might also be considered. For example, uncooperative behavior as an inpatient can communicate signals to providers to reconsider the efficacy of an existing treatment plan. On the other hand, uncooperative behavior could be mitigated by the sterling reputation of the provider/s and facility if properly recognized by and conveyed to the patient. Finally, infinite iterations of doctor--patient interactions can help breed cooperation and mutual accountability in AWS treatments and services. This is because either one can expect to repeatedly encounter (and work with) each other for an indefinite period of time in the absence of any predetermined or foreseeable final visit or check-up. Thus, whether cooperation is supported at all also depends on the probability that the players would meet again. In game theory, this is referred to as the "discount parameter" or, as one economist aptly puts it, the "shadow of the future".[@b55-rmhp-11-001]

This study nonetheless suggests that the effect of cooperation is distinct from the effect of time in AWS as well as other addiction-cessation treatments. Simulation games, such as the Stag Hunt, can describe and predict the evolution of cooperation where repeated encounters between patient and provider/s breed mutual trust and assurance of willingness to work toward a well-defined health promotion objective. The element of time is distinct, and equally important. Demonstrable proof of action for accountability to arise will require time. This is because cooperation between patient and doctor is an incremental process. Besides, time on its own is a critical element in treatment adherence. Studies suggest that longer treatment periods with continuous evaluations tend to bring more health-related benefits to the patient. Finite time frames can hamper cooperation, particularly when the patient chooses not to return (i.e., drop-out). On the other hand, if the patient and physician anticipate indefinitely interacting in the absence of any predetermined or foreseeable final visit, they will find future payoffs from mutual cooperation and accountability, which, in turn, fosters health promotion. [Figure 4](#f4-rmhp-11-001){ref-type="fig"}, which is adapted from van Veelen,[@b56-rmhp-11-001] illustrates the two symmetric Nash Equilibria (from [Figure 3](#f3-rmhp-11-001){ref-type="fig"}) along a continuum from which maximal payoffs (benefits) may be derived by patient (*w*) and physician (*a*) when interactions are indefinitely ongoing (i.e., rhythmic). In this sense, the patient--doctor relationship is truly a "coordination" game. Otherwise, disincentives to cooperation are likely to prevail and result in treatment disruptions and premature termination.

Implications for health care risk management
============================================

We reply in the affirmative to the question raised at the outset of this study: Is treatment of AWS a Stag Hunt? We do so, particularly in instances where the patient (or health care provider) is faced with opportunities and constraints to either continue or discontinue medical treatment. The divergence and, at the same time, rationality of two Nash-efficient options highlight the key implications of the Stag Hunt for health care risk management. In discussing these implications, [Figure 5](#f5-rmhp-11-001){ref-type="fig"} further illustrates the Stag Hunt in terms of a symmetric game with a continuous treatment strategy space, allowing players to repetitively transact with each other. In this case, patients (at various progression stages for AWS symptoms) and providers can and will separately identify their options against the opportunities and constraints before them. Each one subsequently chooses *Y* for his/her course of action. Thus, *Y* is a function of each player's expectation *Ye* of the other's action.

Premises considered, the practical and theoretical insights offered by the Stag Hunt can be summed up: Medical treatment of AWS is likely to be (successfully) completed, and discontinuation risks efficiently mitigated, if a patient goes to the same physician or provider team for the duration of treatment. The key factors that promote mutual cooperation in repeated plays include player anticipation of future interactions, ability to recognize each other (including each other's reputation), and recollection of past interactions.Optimization of patient compliance depends in the long run on repeated contacts with a provider for an indefinite period of time (i.e., without a predetermined or foreseeable final visit or treatment). For this reason, the element of time is distinct and critical in AWS treatment. The transaction costs associated with that treatment are reduced and become manageable if the patient and provider expect to encounter each other indefinitely. Incentives will further arise for the provider to spend time and effort customizing a treatment management plan for AWS and overseeing treatment until its completion, so that future patient visits will take up less time and other resources. The patient, on the other hand, is likely to adhere to the treatment regimen if there is an expectation that the doctor will constantly monitor and evaluate his/her progress. Each will then foresee future payoffs from mutual accountability, which, in turn, fosters health promotion.How the risks and uncertainties of rational and interactive decision-making are anticipated and mitigated lies at the heart of simulation games, as exemplified by the Stag Hunt. Because each player's strategy can be infinitely iterated, "strategizing" allows patient and provider to signal their commitment to cooperate (or defect) over time. Equally important, it allows for reciprocity of action based on what each one chose to pursue in their preceding interaction or encounter and, hence, the reputation they have established for themselves.From a clinical approach, both addiction and mental health treatment facilities should be made available to patients suffering from AWS. Horizontal integration is crucial. Unless addiction and mental health issues are treated and managed together, the likelihood of relapse increases for the vast majority of AWS patients. This could, in turn, negatively affect their perceptions of past interactions as well as the reputation of and patient trust in the health care provider/s.Continuing relationships between patient and provider are associated with a wide range of measurable treatment outcomes. On the positive side are the value and quality of care, adherence to medical treatment, reduced costs to the patient and society in general, and patient satisfaction. Negative outcomes include relapse, poorer sense of control among AWS patients, the "kindling effect", and difficulty in the application of evidence-based health care that could eventually lead to major treatment disruptions or premature terminations. Either set of outcomes might be perceived as optimal by a patient or provider depending on the balance of trust, accountability, and reciprocity in each player's cost-calculus, as well as the risk mitigation options available to them. Only if each player can be relatively assured or confident that the other will cooperate can mutual cooperation arise.

The implications of this study apply to many other addiction-cessation programs (e.g., for smoking, prohibited drugs, sex, gambling), besides alcoholism. After all, the Stag Hunt model calls attention to underlying information asymmetries, the critical role of communication, the evolution of trust and assurance, and the importance of reputation in interactive decision-making among patients and health care providers. Because the ultimate objective of simulation games is to determine the dominant solution/s for a transactional situation, the Stag Hunt illuminates why health care choices exist where neither player has anything else to gain by changing them unilaterally, and why a second-best outcome is not necessarily inferior or less efficient despite the lower payoffs. That may, in the end be, its most novel and pioneering contribution to the study and practice of health care risk management.
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